F ecal urgency is a common and at times debilitating symptom of gastrointestinal conditions such as irritable bowel syndrome (IBS) and inflammatory bowel disease. [1] [2] [3] It is also common among individuals with diabetes, 4 pelvic floor dysfunction, 5 and a history of pelvic or rectal radiotherapy. 6 Fecal urgency is known to be one of the strongest factors associated with the development of fecal incontinence, [7] [8] [9] [10] [11] and has been cited as one of the 2 most bothersome symptoms in patients with IBS (along with abdominal pain), 1, 3 and the most bothersome symptom in patients with diarrheapredominant IBS. 12 Estimates of its prevalence vary based on the population studied, ranging from 11% to 18% [13] [14] [15] in healthy individuals, to 65% in patients with bowel dysfunction. 15 However, there are no available nationally representative, population-based estimates of this common symptom.
Although diarrhea is associated strongly with fecal urgency, many individuals with fecal urgency report no history of diarrhea or loose stools, and some even report constipation. Talley et al 13 reported that 11.6% of community individuals with normal bowel habits reported fecal urgency. Similarly, Heaton et al 15 noted that IBS patients reported urgency with 35.1% of Bristol Stool Form Score (BSFS) type 4 stools. Although specific estimates of urgency in constipated patients are lacking, Heaton et al 15 did note urgency with 32.8% of BSFS type 2 stools among IBS patients.
In this study, we performed a population-based study to better understand the prevalence, risk factors, and medical comorbidities associated with fecal urgency using a representative national database. Our aims were to quantitatively describe the population of individuals with this understudied symptom, and to identify modifiable risk factors for this symptom in individuals with and without underlying diarrhea.
Methods

Study Cohort
The National Health and Nutrition Examination Survey (NHANES) is a survey research program that is designed to analyze a nationally representative sample of noninstitutionalized respondents in the United States. NHANES is conducted by the National Center for Health Statistics of the Centers for Disease Control (Atlanta, GA). All participants provide written informed consent before completing the NHANES, and there are no patient identifiers in the publicly available NHANES database. Participants are selected using a stratified multistage probability design with oversampling of certain age and ethnic groups. Sample weights in NHANES allow inferences to the population of the United States, based on independent population estimates from the US Census Bureau. These sample weights are used to adjust the sample population based on race, Hispanic ethnicity, income, sex, and age, and are meant to compensate for differences in subject selection or response rates at various stages of the survey. Weighting was performed before univariable and multivariable analysis to adjust for sample frame.
Data from adult participants (age, !20 y) in NHANES 2009 to 2010 who completed the specific bowel health question, "During the past 12 months, how often have you had an urgent need to empty your bowels that makes you rush to the toilet?" were included in the study. Individuals answering "always" or "most of the time" were classified as having fecal urgency, while individuals answering "sometimes," "rarely," or "never" were classified as not having this symptom. Patients who had reported taking laxatives within the past 30 days were excluded from analysis (Supplementary Figure 1) .
Bowel Health Questionnaire
As part of the bowel health questionnaire from NHANES 2009 to 2010, individuals completed a series of questions in the Mobile Examination Center Interview Room using a Computer-Assisted Personal Interview System. Stool consistency was assessed using the BSFS (color picture card with pictures and written descriptors of the 7 stool types) and the following written question: "Please look at this card and tell me the number that corresponds to your usual or most common stool type." Patients reporting BSFS type 6 or 7 stools were defined as having diarrhea. Fecal incontinence was assessed by asking, "How often during the past 30 days have you had any amount of accidental bowel leakage that consisted of mucus/liquid stool/solid stool?" Individuals answering "never" to all 3 questions were defined as not having fecal incontinence. Similar to Whitehead et al, 8 we did not include accidental leakage of gas in the definition of 
Covariables
The following covariables not included in the bowel health questionnaire also were included to evaluate factors potentially associated with fecal urgency: age, sex, race/ethnicity, education, poverty income ratio, selfrated health, self-reported medical comorbidities, body mass index (BMI), urinary urge incontinence, selfreported depression, and dietary intake. Race and ethnicity were recorded into the following classifications: non-Hispanic white, non-Hispanic black, Hispanic (including Mexican American), and other race (including multiracial). Education was divided into 3 levels: less than high school, high school, and more than high school levels. Poverty income ratio was categorized into 2 groups: 2 or fewer times the poverty threshold and more than 2 times the poverty threshold. Three BMI groups were assessed: normal weight (<25.0 kg/m 2 ), overweight (25.0 to 29.9 kg/m 2 ), and obese (!30 kg/m 2 ). Patients who answered "yes" to the question, "During the past 12 months, have you leaked or lost control of even a small amount of urine with an urge or pressure to urinate and could not get to the toilet fast enough?" were defined as having urinary urge incontinence. Dietary fiber, liquid, caffeine, milk, total sugar, and carbohydrate intake were obtained from the first day of the 24-hour dietary recall from NHANES 2009 to 2010. The distributions of all of these dietary variables were divided into quartiles. Individuals who reported feeling down, depressed, or hopeless more than half of the days over the prior 2 weeks were classified as being depressed.
Statistical Analyses
We first identified individuals with fecal urgency and summarized their background characteristics. Differences between proportions of fecal urgency in various subgroups were calculated and tested using chi-square analysis. We used logistic regression to identify factors associated with urgency. All of the variables of interest then were included in a single logistic model to provide mutually adjusted estimates of the prevalence odds ratio (POR) for urgency prevalence. Adjusted PORs with a 95% CI that did not include unity were considered statistically significant.
All estimates, standard errors, and association measures were calculated using sampling weights accounting for the complex survey design of NHANES. A Taylor linearization approach was used to calculate 95% CIs for the estimated occurrence. All statistical analyses were performed using STATA statistical software version 14.2 (College Station, TX).
Results
Univariable Analysis of All Individuals
A total of 192 of 4676 individuals (3.3% adjusted) were classified as having fecal urgency. These individuals had a significantly higher prevalence of diarrhea (defined as BSFS stool type 6 or 7) compared with those without urgency (29.5% vs 7.2%; P < .001, Fisher exact test). On univariable analysis, the weighted prevalence of fecal urgency was more than twice as high in women compared with men (4.5% vs 2.1%; P ¼ .001) ( Table 1) . Increasing age was associated significantly with the presence of fecal urgency, and there were significant differences in prevalence by race ( Table 1 ). The weighted prevalence of fecal urgency increased in stepwise fashion with an increase in stool frequency and form (Figures 1  and 2 ). Stool frequency and BSFS stool type 6 or 7 were significant predictors of fecal urgency among both male and female patients (Supplementary Tables 1 and 2 ). Patients reporting fecal incontinence were significantly more likely to report fecal urgency than those without this symptom (9.5% vs 2.7%; P < .0001).
Other factors associated with the presence of fecal urgency on univariable analysis were lower education levels, poverty, poor self-rated health, and higher BMI (Table 1) . Patients reporting urinary urge incontinence were significantly more likely to report fecal urgency than those not reporting this symptom (8.4% vs 2.2%; P < .0001). Individuals who reported depression, hopelessness, or feeling down for more than half of the days were more likely to have fecal urgency than those with less frequent depression symptoms (10.5% vs 2.8%; P < .0001). Decreased alcohol intake was associated with an increased prevalence of urgency, but no other dietary factors were associated on univariable analysis (Table 2 ).
Multivariable Analysis of All Individuals
On multivariable analysis (Table 3) , increased age (POR, 1.17 for each additional decade of age; P ¼ .003), female sex (POR, 2.09; P ¼ .007), living 2 times below the poverty level (POR, 0.64 for living 2 times above the poverty level; P ¼ .029), presence of urinary urge incontinence (POR, 2.34; P < .0001), diarrhea (POR, 3.45; P < .0001), and increased stool frequency (adjusted OR, 1.08 for each additional stool per week; P < .0001) all remained as predictors of fecal urgency. None of the dietary factors were associated with fecal urgency on multivariate analysis of all patients.
Multivariable Analysis of Individuals Based on the Presence or Absence of Diarrhea
Multivariable analysis was used to evaluate individuals with and without diarrhea separately. Individuals with and without diarrhea were similar with regard to all demographic and dietary parameters (results not shown). Fifty-six of 378 (14.8%) individuals with diarrhea reported fecal urgency. Increased age (POR, 1.35 for each additional decade; P ¼ .043) and stool frequency (POR, 1.13 for each additional increase in stool per week; P < .001) remained strongly associated with fecal urgency among individuals with diarrhea. Being in the highest quartile of carbohydrate intake also was associated with fecal urgency among individuals with diarrhea (POR, 6.68; P ¼ .006), while being in the highest quartile of fiber intake was associated negatively (POR, 0.13; P ¼ .002) ( Table 4) .
A total of 134 of 4276 (3.1%) individuals without diarrhea reported fecal urgency. Increased age (POR, 1.15 for each additional decade; P ¼ .005), female sex (POR, 2.14; P ¼ .005), presence of urinary urge incontinence (POR, 2.35; P < .001), increased stool frequency (POR, 1.07 for each additional stool per week; P ¼ .007), and feeling down, depressed, or hopeless (POR, 2.11; P ¼ .026) all were associated with fecal urgency in individuals without diarrhea, while living 2 times above the poverty level had a negative association (POR, 0.54; P ¼ .002) ( Table 3) .
Discussion
In our study, we observed that fecal urgency was present in 3.3% of a representative sample of the general US population. Fecal urgency was more common in women and older individuals, and among individuals with diarrhea. Although there was greater prevalence of fecal urgency in individuals with diarrhea, the overall majority with fecal urgency did not have diarrhea, and their most common reported stool type was BSFS type 4. We observed different predictors of fecal urgency in individuals with and without diarrhea.
Only a limited number of studies have estimated the prevalence of fecal urgency. In another population-based study, which surveyed 1644 predominantly white individuals living in Rochester, MN, Talley et al individuals (mean age, 24.7 y; 64.5% of whom were female), Drossman et al 14 cited a prevalence of 14.4%. In another study of younger individuals (age range, 20-44 y; all of whom were female), Heaton et al 15 reported fecal urgency rates of 65% in patients being followed up in a gastroenterology clinic for IBS, 26% in individuals with IBS-type symptoms not reported to a physician, and 11% in individuals with no abdominal pain symptoms.
The difference in the cited prevalence of urgency in these prior studies compared with ours likely is owing to differences in sample populations, and in how restrictively the relevant survey question was worded. The studies by Talley et al 13 and Heaton et al 15 both reported the proportion of individuals reporting a sensation of urgency more than 25% of the time. Drossman et al 14 asked individuals, "Do you frequently have an urgent need to go to the bathroom to have a bowel movement?" In this study, NHANES survey participants were asked to specify whether urgent bowel movements occurred "always" or "most of the time," and also specifically were asked about symptoms over the past 12 months. We followed up this more restrictive approach to study patients with the most bothersome symptoms of fecal urgency. We observed a stepwise increase in the prevalence of diarrhea among patients with increasing reported frequency of fecal urgency (Supplementary Figure 2) .
Among individuals with diarrhea, multivariable analysis showed that those in the highest quartile for fiber intake were 83% less likely to report fecal urgency compared with those with lower fiber intake. Those in the highest quartile for carbohydrate intake were more than 5 times more likely to report fecal urgency compared with those with lower carbohydrate intake. There was no association between dietary factors and fecal urgency in individuals without diarrhea on multivariable analysis. Increased fiber often is used in clinical practice to treat fecal urgency and incontinence by improving stool consistency and reducing the frequency of liquid stools. 16, 17 A low carbohydrate intake (in particular, low in fermentable, oligosaccharides, disaccharides, and monosaccharides and polyols) also has been shown to decrease stool frequency and improve stool consistency among those with underlying IBS and/ or fructose malabsorption. 18, 19 We examined dietary factors to identify modifiable risk factors for fecal urgency. Our findings suggest that increasing fiber intake and decreasing carbohydrate intake are useful therapeutic adjuncts in treating this symptom in individuals with diarrhea, but are less likely to benefit individuals without diarrhea. A potential area of future study would be to analyze dietary patterns (rather than specific dietary factors) associated with fecal urgency.
The majority of patients with urgency did not have diarrhea (w70%), consistent with the findings by Drossman et al. 14 Older age, female sex, poverty, and the presence of urinary urge incontinence remained significantly associated with fecal urgency on multivariable analysis of these patients. Older age and urinary urge incontinence trended toward being predictors of urgency in individuals with diarrhea as well (the lack of statistical significance likely was owing to the smaller number of individuals with diarrhea). The presence of depression was a predictor of fecal urgency in individuals without diarrhea, but did not show a trend toward being a predictor of fecal urgency among those without diarrhea. Despite the previously noted association between fecal urgency and fecal incontinence (confirmed on univariable analysis in this study), fecal incontinence was not an independent predictor of fecal urgency on multivariable analysis. This suggests that both fecal urgency and fecal incontinence are driven by common factors already controlled for on multivariable analysis. Indeed, fecal incontinence was a significant predictor of fecal urgency on multivariable analysis when age, stool frequency, and stool consistency were removed from the regression model reported in Table 3 (data not shown).
The mechanism of association between urinary urge incontinence and fecal urgency is not entirely clear. Previous research has reported an association between fecal incontinence and urinary incontinence, 20 and fecal urgency is also a frequent symptom among patients followed up in the urogynecology clinic for pelvic floor disorders. 5 Although pelvic organ prolapse can be associated with urinary incontinence and various defecatory symptoms that include urgency, 21 urinary urge incontinence was a significant predictor of fecal urgency in male, but not in female, patients in this study (Supplementary Tables 1  and 2 ). This argues against pelvic organ prolapse as the common driver of fecal urgency and urinary incontinence in our study population. A more likely driver of combined urinary and bowel symptoms is visceral hypersensitivity, which is a known contributor to both IBS 22 and fecal urgency. 23 Visceral hypersensitivity also may lead to bladder complaints owing to shared peripheral innervation and central nervous system processing of the anorectum and bladder. 24 Depression also was associated with fecal urgency in patients without diarrhea. This is a novel finding and aligns with prior studies indicating that psychological factors can alter rectal perception and sensory thresholds, [25] [26] [27] and modulate visceral sensation. 28 Our finding that depression was associated with urgency only among patients without diarrhea also argues against the association between fecal urgency and depression being caused by reverse causality (with urgency contributing to depression through its effect on individuals' day-to-day quality of life), or to increased reporting of urgency in individuals with depression (possibly owing to somatization or recall bias in depressed patients). If this were the case, the association between depression and urgency would be expected in the general patient population as well, and not simply in those without loose stools. Whether effective treatment of depression leads to improvement in fecal urgency symptoms in individuals without diarrhea is an important area of future investigation. We also noted an association between poverty and fecal urgency on multivariable analysis. This is a notable finding that suggests the need for further investigation on the effect of socioeconomic variables on bowel symptoms, particularly given that lower-income individuals frequently are under-represented in clinical studies.
A major strength of this study was the utilization of survey data of a large population sample that was weighted to represent the general US population. Weaknesses of this study are related to the NHANES design, with all data being self-reported (and thus prone to recall bias), as well as the cross-sectional nature of the NHANES, which precludes clear demonstration of causation. Our definition of fecal urgency (classified as those with urgency "always" or "most of the time") also has not been validated previously, although it did show good correlation with diarrhea. In addition, the answer format was different for various questions in the survey (yes/no vs frequency scale), potentially complicating analysis of associations between variables. Finally, the presence of diarrhea was defined on the basis of an individual's "usual or most common stool type," which may not be a complete reflection of a particular individual's underlying bowel habits.
In summary, in this population-based study, we showed a 3.3% weighted prevalence of fecal urgency in a representative sample of US adults, and that the majority of individuals with fecal urgency do not have diarrhea. After adjusting for covariates, we showed that among individuals with baseline diarrhea, increased carbohydrate intake and decreased fiber intake were unique predictors of fecal urgency, while depression and urinary urge incontinence were unique predictors among patients without diarrhea.
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